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Abstract 
 
In a longitudinal birth cohort maternal ratings of children’s appetites made at 6 weeks, 
12 months and 5-6 years were correlated with one another and with subscales from 
the Child Eating Behaviour Questionnaire (CEBQ) at 5-6 years, and body mass index 
(BMI) at 6-8 years.  Statistically significant correlations were found between the 
children’s appetite ratings.  Appetite ratings in infancy were also correlated with the 
CEBQ subscales scores at 5-6 years to a limited extent, but not with the BMI at 6-8 
years.  The appetite rating at 5-6 years and three of the CEBQ subscales were 
independently associated with BMI.  Children with higher levels of Emotional Over-
Eating and Desire to Drink had higher BMIs, and children with higher levels of 
Satiety Responsiveness had lower BMIs.  These results provide further evidence that 
there are concurrent associations between appetite ratings in childhood and BMI but 
suggest that appetite ratings in infancy are related only weakly to later appetite 
measures and do not predict later BMI. 
 
Keywords  
Appetite; hunger; eating; body mass index; adiposity; infancy; children; mothers. 
 
Introduction 
 
One of the most pressing contemporary problems is the growing prevalence of 
obesity, which has adverse health consequences in children as well as in adults (Reilly 
et al., 2003).  While it is obvious that increased fat storage is due to an imbalance 
between energy intake and energy expenditure, it has been difficult to establish which 
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variables account for different rates of fat storage between children (Drewett, 2007).  
One possibility is individual differences in appetite, but the extent to which individual 
variations in appetite are consistent over childhood in typically developing children is 
not known, nor is the extent to which they are associated with individual differences 
in the development of adiposity. 
 
‘Appetite’ is a term usually used in connection with short-term fluctuations in 
motivation to eat, as in the phrase ‘working up a good appetite’.  It is also used to 
refer to a trait-like characteristic, as when children are described as having good or 
poor appetites (Carnell & Wardle, 2007).  A topical current example of the trait-like 
usage of ‘appetite’ is found in discussion of the ‘programming’ of appetite by early 
nutrition (Martin-Gronert & Ozanne, 2005; McMillen, Adam, & Mühlhäusler, 2005). 
This implies that there are individual differences in appetite over development – 
something which has yet to be directly demonstrated.  There are also a number of 
genetically based conditions in which excessive weight gain is associated with 
excessive appetite, for example leptin deficiency (Farooqi et al., 1999; Montague et 
al., 1997) and the Prader-Willi syndrome (Gilmour & Skuse, 2003; Holland et al., 
1993), and there is evidence that a poor appetite is related to poor weight gain in 
infancy.  Infants who ‘fail to thrive’ are reported by their mothers to have poor 
appetites; they are less likely to show hunger, to eat a variety of foods and to show 
pleasure at mealtimes, and more likely to close their mouths, turn their head and spit 
out food (Wilensky et al., 1996).  There is direct evidence from observation studies 
that such infants do voluntarily take in less food at mealtimes (Drewett, Kasese-Hara, 
& Wright, 2003; Parkinson, Wright, & Drewett, 2004) and children who failed to 
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thrive as infants themselves rated their appetites as low compared with their friends’ 
when they were 12 years old (Drewett, Corbett, & Wright, 2006). 
 
Associations between appetite and BMI at the same time point have been 
demonstrated in children up to 13 years old (Viana, Sinde, & Saxton, 2008; Webber, 
Hill, Saxton, Van Jaarsveld, & Wardle, 2008), but only one study has used infancy 
appetite measures in an attempt to predict later adiposity (Agras, Kraemer, Berkowitz, 
& Hammer, 1990; Agras, Kraemer, Berkowitz, Korner, & Hammer, 1987).  A recent 
comprehensive examination of early life risk factors for the development of obesity 
(Reilly et al., 2005), for example, examined a wide range of infant characteristics but 
did not use a measure of the infants’ appetite. 
 
The first aim of the analyses reported in this paper was to determine whether 
measures of appetite in infancy correlate with measures of appetite in later childhood.  
The second aim was to determine whether measures of appetite at different ages 
predict BMI at 6-8 years of age. 
 
Method 
 
Participants and procedure 
 
The data reported here come from a longitudinal study, the Gateshead Millennium 
Study (GMS).  The GMS recruited participants shortly after birth between June 1999 
and May 2000 in Gateshead, an urban district in northeast England.  All infants born 
to mothers resident in Gateshead in 34 pre-specified weeks were eligible for 
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recruitment.  The study recruited 1029 infants (singleton and multiple births), 
comprising 82% of those who were eligible.  Full details are reported elsewhere 
(Parkinson, Wright, & Drewett, 2007). 
 
The GMS recruited infants in a face-to-face interview with parents and baseline data 
were collected.  The infants were then followed up at 6 weeks, 4, 8, 12 and 30 months 
(Parkinson et al., 2007) and subsequently at 5-6 years using postal questionnaires 
which asked a wide range of questions about feeding and different aspects of the 
mother and child.  The questionnaires were completed by the child’s carer (in almost 
all cases the mother). 
 
A further data sweep of the GMS involved direct assessments of the children at 6-8 
years, usually conducted at school, and of the child’s mother at home visits.  Mothers 
gave written consent for their own and their child’s participation in the study.  The 
children were also asked to give their written assent.  The data collected at 6-8 years 
relevant to this paper are the child’s height and weight. 
 
Favourable ethical opinions were obtained from Gateshead Local Research Ethics 
Committee for each phase of the GMS reported in this paper. 
 
Measures 
 
Mothers completed postal questionnaires at different time points which included a 
core set of age-appropriate feeding items.  There was no psychometrically developed 
scale dealing with appetite in infants so the following question was asked: ‘At present, 
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how is your baby/child’s appetite?’ with 5 possible responses (very poor, poor, all 
right, good, very good).  This scale has predictive validity in infancy, as better 
appetites reported on the scale at 6 weeks predict faster weight gain over the first year 
(Wright, Parkinson, & Drewett, 2006).  Data collected from this question at 6 weeks, 
12 months and at 5-6 years were analysed.  The two infancy measures were used 
because the first relates to a period of almost exclusive milk feeding (only 2% of 
mothers had introduced solids by 6 weeks), and the second to a period in which 
feeding was predominantly on solids (all the infants were reported as being given 
regular solids by 12 months).   
 
The Child Eating Behaviour Questionnaire (CEBQ) (Wardle, Guthrie, Sanderson, & 
Rapoport, 2001), recently developed for use after weaning, assesses the eating 
characteristics of the child as perceived by the mother.  The CEBQ has eight 
subscales: Food Responsiveness; Emotional Over-Eating; Enjoyment of Food; Desire 
to Drink; Satiety Responsiveness; Slowness in Eating; Emotional Under-Eating; Food 
Fussiness.  The CEBQ was also completed postally at 5-6 years. 
 
The child’s anthropometric measurements were recorded at intervals from birth.  Birth 
weight was obtained from hospital notes, and subsequent weight gain from routine 
Well-Baby Clinic weight measurements up to 12 months.  Mothers transcribed these 
measurements from their Personal Child Held Record onto the questionnaires as 
reported in detail elsewhere (Parkinson et al., 2007).  Dedicated research workers took 
body measurements at the 6-8 years data sweep which included child height, 
measured to 0.1 cm with the head in the Frankfurt plane using a Leicester portable 
height measure (Chasmors, London), and child weight to 0.1 kg using Tanita scales 
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TBF-300MA (Chasmors, London).  Child height and weight were measured twice at 
the 6-8 year data sweep and the means used to calculate body mass index (BMI) 
(wt/ht2).  Two socio-economic variables from the maternal questionnaire completed at 
the time of the child’s birth were used as control variables in these analyses; a binary 
measure of economic status, and a measure of maternal educational qualifications. 
 
Statistical analysis 
 
To ensure data analysed were statistically independent, half the twins (one from each 
pair, n = 14 at 6-8 years) were dropped at random for the analyses reported here. 
 
Statistical analysis was carried out using SPSS version 15.0.  Cross-tabulations and 
non-parametric (Spearman’s) correlation coefficients were used to examine 
relationships between ordered categorical variables.  Cronbach’s α was used to check 
the internal reliability of the CEBQ subscales.  Linear regression was used to examine 
relationships between predictor variables and BMI.  An assumption of regression 
analysis is that the residuals are normally distributed, an assumption which was not 
met as BMI is positively skewed.  We therefore reran all the analyses using a 
normalising reciprocal transformation (1/y2) which ensured that residuals were 
normally distributed.  The pattern of statistical significance was the same, so data are 
presented using the untransformed scale in the interests of simplicity of interpretation. 
 
Results 
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From the original birth cohort of 1029 children, responses to the appetite question 
were available for 811 at 6 weeks and 620 at 12 months.  CEBQ questionnaires were 
completed by post for 506 children at 5-6 years (almost all by the mother) and 
responses to the appetite question were available for 492. 
 
Data on both height and weight were obtained from 597 children at 6-8 years, and 
after removing half the twins the sample comprised 583 children and mothers.  Table 
1 summarises the characteristics of participants studied at the 6-8 year sweep. 
 
Appetite ratings and Child Eating Behaviour Questionnaire (CEBQ) 
 
As previously reported, most mothers rated their infant’s appetite as at least good and 
generally very good (Wright et al., 2006; Wright, Parkinson, Shipton, & Drewett, 
2007), with very small numbers rated as having poor or very poor appetites.  Ratings 
at 5-6 years were somewhat more variable with 54% of mothers reporting very good 
appetite, 31% reporting good appetite, 12% reporting average appetite and 3% as poor 
or very poor.  The correlation between appetite ratings at 6 weeks and 12 months was 
0.15 (p < 0.005).  The correlations between these ratings and the rating at 5-6 years 
were 0.14 and 0.23 (p < 0.005) respectively. 
 
Internal reliability of the CEBQ subscales using Cronbach’s α ranged from .71 to .91.  
There was a reasonable spread of scores on most of the subscales though few children 
had high scores on Emotional Over-Eating and most had high scores on Enjoyment of 
Food.  Table 2 summarises the mothers’ responses to the CEBQ subscales in relation 
to child BMI divided into tertiles.  The mean Food Responsiveness, Emotional Over-
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Eating, Enjoyment of Food and Desire to Drink scores increased significantly with 
BMI, and mean Satiety Responsiveness and Slowness in Eating scores decreased 
significantly with BMI. 
 
The mothers’ appetite ratings on the appetite questions from infancy to 5-6 years 
correlate with a number of the CEBQ subscales (Table 3).  The correlations are 
stronger when the ratings are closer in time.  The appetite rating at 5-6 years is 
particularly strongly correlated positively with Enjoyment of Food, and negatively 
with Satiety Responsiveness and Food Fussiness. 
 
Relationships between appetite ratings, CEBQ subscales and BMI at 6-8 years 
 
In these analyses the relationships between the child’s measured BMI at 6-8 years and 
child appetite as reported by the mother was examined.  The first analysis related BMI 
to the mothers’ ratings of appetite at 6 weeks, 12 months and 5-6 years, and the 
second to the CEBQ subscales completed by the mother at 5-6 years.  Both analyses 
also used age, sex and birth weight as control variables.  Initially, breast feeding 
duration, and economic status and maternal educational qualifications at the time of 
the child’s birth were also controlled for but these variables had no significant 
association with the outcome variable.  Numbers are reduced for this analysis as 
complete data are required for all the variables being used. 
 
Table 4a shows that there is a highly significant association between BMI at 7-8 years 
and mothers’ appetite ratings at 5-6 years.  It is not however related to either of the 
appetite measures made in infancy.  This is not due to their predictive power being 
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reduced by the presence of the 5-6 year rating in the same analysis.  When the two 
infancy variables were entered alone after the control variables neither was 
statistically significant; the Fchange was 1.66 with 2,338 degrees of freedom, p=0.192. 
 
Table 4b shows that there is a significant association between BMI and three of the 
CEBQ subscales.  Emotional Over-Eating and Satiety Responsiveness were correlated 
positively and negatively respectively.  None of the other food related variables was 
statistically significant when they were entered simultaneously.  Desire to Drink, 
however, was positively correlated with BMI.  A simplified model using only these 
three subscales would therefore be possible, and might be useful practically in clinical 
contexts where time is at a premium.  This does not mean that the other subscales are 
not also tapping important components of appetite, and Table 2 shows that other 
subscales are related to BMI when considered individually. 
 
The appetite ratings and the CEBQ subscales at 5-6 years were also entered into the 
same analysis, controlling for age, sex and birth weight.  Using F tests, both blocks of 
variables were statistically significant at p < .001, whatever the order of entry.  This 
result shows that the appetite rating and the CEBQ subscales have independent 
explanatory power; one cannot substitute for the other.  Using both blocks of variables 
in the same regression model, however, though it is possible statistically, leads to 
uninterpretable coefficients as each is adjusted for the other.  Table 4 therefore shows 
only the results for the separate analyses, described in the previous paragraphs.   
 
Discussion 
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There were statistically significant correlations between the mother’s ratings for 
appetite at the different ages, but the correlations were not high.  This suggests that 
there is no strong continuity in appetite over the first five years, at least in ratings 
reported by the mother.  There were also significant correlations between the appetite 
ratings and the CEBQ subscales.  These were most strongly correlated with appetite 
ratings closest to them in time, with correlations up to 0.5-0.6 when the ratings were 
made at the same time, but there were also significant correlations with ratings at 6 
weeks and 12 months.  The relationship between the appetite ratings and the CEBQ 
subscales recorded at the same time corresponded to what one might expect, i.e. that 
children reported to have good appetites are also reported to have a greater enjoyment 
of food and desire to eat, and conversely to have lower satiety responsiveness, to be 
faster and less fussy eaters, and to be less likely to under-eat due to emotional issues.  
The main reservation concerning these data is that all the ratings were made by the 
child’s mother. 
 
The mothers’ appetite ratings made in infancy were not correlated with the child’s 
BMI at 7-8 years.  It is possible that this reflects a lack of validity in the infancy 
ratings but they do correlate with weight gain in infancy itself (Wright et al., 2006).  
Mothers are in a better position than anyone else to assess their child’s appetite 
because they observe them over extended periods of time in a variety of feeding 
situations and with a variety of foods.  The correlations between these ratings and 
those on the quite different CEBQ subscales also demonstrate convergent validity.  
This result based on questionnaire data in this large sample is also entirely consistent 
with results based on behavioural data (Agras et al., 1990; Agras et al., 1987).  Agras 
et al. utilised a range of behavioural measures recorded when infants sucked on 
 12
bottles.  Sucking pressure on the nipple was significantly associated with BMI at 1, 2 
and 3 years but not with BMI at 6 years.  This corresponds closely to our own 
findings that infant appetite ratings at 6 weeks are related to weight gain over the first 
year but not to BMI at 7-8 years. 
 
It is possible that good appetite in infants is too common to be a useful predictor of 
excessive weight gain.  Poor appetite, on the other hand, is rare, and is related to poor 
weight gain (Drewett et al., 2006; Drewett et al., 2003; Parkinson et al., 2004; Wright 
& Birks, 2000).  A more discriminating appetite scale for infancy may have better 
predictive power but at present none exists.  Perhaps using a continuous visual 
analogue scale of the appetite item would have provided greater sensitivity compared 
to the 5 point scale used here.  The CEBQ was developed for young children (Wardle 
et al., 2001) and the subscales in the CEBQ found to have independent predictive 
power in our study were Desire to Drink, Emotional Over-Eating and Satiety 
Responsiveness.  Of these, Desire to Drink would not have quite the same 
interpretation in infants, since eating and drinking in infants are not independent in the 
same way as they are in older children.  It is possible that ‘Emotional Over-Eating’ 
has a parallel in infants, perhaps in ‘comfort sucking’.  But the scale with the most 
directly comparable interpretation in infants would be Satiety Responsiveness which 
is a variable that has clear behavioural indicators that can be used during milk feeding 
as well as solids feeding.  Its variability has also been shown to be partly genetic in 
origin (Carnell, Haworth, Plomin, & Wardle, 2008; Wardle et al., 2008).  More 
sophisticated appetite scales similar to the CEBQ but specifically developed for use in 
infancy might be of more utility in predicting adiposity in later childhood. 
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We now turn to the relationships between BMI at 7-8 years and appetite rating and 
CEBQ subscales collected at 5-6 years.  There is a reasonably strong correlation 
between the 5-6 year appetite rating and BMI.  There are also clear associations 
between BMI and the CEBQ subscale scores.  The bivariate data shown in Table 2 
mostly show the same pattern of results as in recently published studies (Viana et al., 
2008; Webber et al., 2008).  Viana et al. (2008) in 3-13 year old children showed that 
the ‘food approach’ subscales on the CEBQ (Food Responsiveness, Emotional Over-
Eating and Enjoyment of Food) were each positively correlated with BMI, and the 
‘food avoidance’ subscales (Satiety Responsiveness, Slowness in Eating, Emotional 
Under-Eating and Food Fussiness) were each negatively correlated with BMI.  
Webber et al. (2008) in a study of 7–12 year old children found significant 
associations in the expected direction in all but one (Emotional Under-Eating, which 
is also not significant in our data).  The significant association between ‘Desire to 
Drink’ and BMI in both our study and that of Webber et al. suggests that this rather 
unexpected finding is reliable. 
 
In both of the above studies the CEBQ subscales were entered individually in separate 
regression analyses, adjusted for sex, age and SES (Viana et al., 2008) or for sex, age, 
ethnicity, parent education and sample (Webber et al., 2008).  In the analysis shown in 
Table 4 we adjusted for age, sex and birth weight, but entered all the subscales 
together.  This showed that of the ‘food approach’ subscales Emotional Over-Eating 
and Desire to Drink were independently significant, and of the ‘food avoidance’ 
subscales Satiety Responsiveness was independently significant in relation to BMI.   
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The maternal rating for appetite at 5-6 years also had an independent effect when 
entered together with the CEBQ subscales, showing that it does provide some 
information beyond what is tapped by these subscales.  We are not, of course, 
claiming that this shows that these differences in appetite lead to differences in the 
child’s BMI.  It is possible that they do but it is also possible that differences in BMI 
lead to differences in appetite or that both are true.  BMI is not a pure measure of 
adiposity; it also reflects muscle mass, and a higher muscle mass may be associated 
with a higher appetite.  Further studies using different measures of adiposity would 
throw further light on this issue. 
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Table 1.  Characteristics of children at studied at 6-8 years (N=583) 
 
  n    %  Median Range 
Age (years)      
     6   81 14% }   
     7 414 71% } 7.4 6.4 to 8.6 
     8   88 15% }   
 
     
Sex      
    Boys 289 50%    
    Girls 294 50%    
 
Breastfeeding duration 
   None 
   <6 weeks 
   6 weeks to 4 months 
   >4 months 
   Missing 
 
 
240 
139 
  64 
116 
  24 
 
 
41% 
24% 
11% 
20% 
  4% 
 
   
BMI    16.3 12.3 to 27.0 
 
     
Economic status      
    Higher* 331 57%    
    Lower 252 43%    
 
     
Mother’s highest qualification      
    Degree or equivalent 113 19%    
    A levels or equivalent   53   9%    
    GCSEs or equivalent 285 49%    
    NVQ or none   95 16%    
    Missing   37   6%    
* Family owns home and has car and at least one wage earner 
The percentage columns do not always add up to 100 due to rounding 
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Table 2.  Summary of CEBQ subscales at 5-6 years according to BMI tertiles (N = 419) 
 BMI tertile    
 Lowest   Middle   Highest     
 Mean SD  Mean SD  Mean SD  F p 
Food Responsiveness 2.0 0.6  2.1 0.7  2.5 0.9  31.69 <.001 
Emotional Over-Eating 1.4 0.4  1.6 0.6  1.7 0.6  18.52 <.001 
Enjoyment of Food 3.6 0.7  3.8 0.7  4.0 0.7  18.17 <.001 
Desire to Drink 2.4 0.9  2.5 1.0  2.8 1.0  12.00 <.001 
Satiety Responsiveness 2.9 0.7  2.8 0.5  2.6 0.6  26.08 <.000 
Slowness in Eating 2.8 0.7  2.7 0.7  2.5 0.7  12.53 <.001 
Emotional Under-Eating 2.5 0.8  2.5 0.8  2.4 0.7    0.34   .562 
Food Fussiness 2.9 0.9  2.7 0.8  2.7 0.9    2.71   .101 
F ratios are for the linear trend 
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Table 3.  Correlations (Spearman’s ρ) between appetite ratings at different ages and CEBQ 
subscales at 5-6 years 
 CEBQ subscales$ 
 FR   EOE EF   DD   SR   SE   EUE   FF 
Appetite 
ratings$$ 
        
6 weeks 0.07   0.00 0.14**   0.06 
−0.14** −0.01 −0.04 −0.11* 
12 months 0.08 
−0.10* 0.24** −0.01 −0.19** −0.13** −0.14** −0.21** 
5-6 years 0.24**   0.03 0.63** 
−0.09 −0.58** −0.40** −0.16** −0.55** 
*p<0.05     **p<0.01 N=473 at 6 weeks; 415 at 12 months and 491 at 5-6 years 
 
$
 FR=Food Responsiveness, EOE=Emotional Over-Eating, EF=Enjoyment of Food, DD=Desire to 
Drink, SR=Satiety Responsiveness, SE=Slowness in Eating, EUE=Emotional Under-Eating, FF=Food 
Fussiness 
$$
 Answers on a 5 point scale to a single question ‘At present, how is your baby/child’s appetite?’ 
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Table 4.  
a)  Regression of BMI on control variables (age, sex and birth weight) and appetite rating at 
5-6 years (N = 416)  b)  Regression of BMI on control variables and CEBQ subscales at 5-6 
years (N = 418) 
        B Std error Beta t p 
a)      
Age (decimal years) 0.67 0.27 0.13 2.45   .015 
Sex (female) 0.31 0.25 0.06 1.24   .216 
Birth weight (kg) 0.81 0.22 0.19 3.68 <.001 
 
Appetite at 6 weeks 
Appetite at 12 months 
 
0.03 
0.15 
 
0.23 
0.16 
 
0.01 
0.05 
 
0.13 
0.90 
 
.898 
.366 
Appetite at 5-6 years 0.61 0.16 0.20 3.79 <.001 
      
F 6,337 = 7.2, p<.001; R2=.114      
      
b)       
Age (decimal years)    0.71 0.23     0.14   3.09 .002 
Sex (female)    0.33 0.21     0.07   1.56 .119 
Birth weight (kg)    0.73 0.18     0.18   3.96 <.001 
 
      
Food Responsiveness    0.35 0.20     0.11   1.76 .079 
Emotional Over-Eating    0.67 0.25     0.16   2.75 .006 
Enjoyment of Food    0.04 0.23     0.01   0.17 .865 
Desire to Drink    0.29 0.12     0.12   2.45 .015 
Satiety Responsiveness 
−0.56 0.26  −0.14 −2.19 .029 
Slowness in Eating 
−0.18 0.19  −0.06 −0.94 .350 
Emotional Under-Eating 
−0.12 0.16  −0.04 −0.77 .440 
Food fussiness    0.14 0.16     0.05   0.87 .383 
 
      
F 11,406 = 9.26, p<.001; R2=.201      
 
      
 
